Detailed fabrication protocol of hydrogel microfluidic chips
The protocol for cell adherent culture insert fabrication in enzymatically cross-linked gelatin hydrogel was adapted from literature 1, 2 . The complete fabrication process can be seen in 
The fabrication protocol is as follows:
Step 1. Mold assembly. The microstructure to fabricate the microchannels is present on the floor of the bottom piece. A cylinder (ø = 5 mm and 5 mm high) is inserted into the top piece to fabricate the cell culture area. Steel rods are inserted to fabricate the inlets and outlets. The mold ensures that the thickness of the hydrogel layer above the microchannel is maintained at 500 µm.
Step 2. Hydrogel injection. The hydrogel premix (gelatin 10% w/v, supplemented with 1 U mL -1 transglutaminase) is injected in the mold with a syringe.
Step 3. Polymerization. The mold is placed in an incubator at 37°C for 5 hours to ensure complete cross-linking by the enzyme.
Step 4. Unmolding and construct recovery. The mold was placed at 4°C for 10 minutes to facilitate demolding.
Step 5. Transfer into a well plate. Thereafter, the constructs placed in a well (24 well plate). The hydrogel sticks to the bottom of the wells, which ensures proper sealing of the microchannel.
Step 6. Application for cell-based assays. The hydrogel microfluidic inserts are connected to a syringe pump and serve for cell-based assays.
Hydrogel microfluidic chip for spheroid culture
Conventionally, spheroid formation and culture is performed in low adherent culture plate or hanging drops. More recently, microwell arrays made in poly(dimethylsioxane) were shown to yield high throughput formation of uniformly-sized embryoid bodies (EB) by centrifugation 3 . To yield hydrogel microfluidic chips for EB formation and culture, we envisioned to use a different hydrogel material commonly found in any biological laboratory: agarose. Agarose is derived of seaweed and can form thermally cross-linked hydrogel that are cell repellent, transparent, could be readily topographically molded and could easily be manually handled. The complete fabrication process can be seen in Fig. S1b .
The fabrication protocol is as follows:
Step 1. Mold assembly. The microstructure to fabricate the microchannels is present at the bottom of the base piece. A cylinder (ø = 5 mm and 5 mm high) bearing microstructures (pyramids 400x400x400 µm) is inserted into the top piece to fabricate the cell culture area. Steel rods are inserted through the top and bottom pieces to fabricate the inlets and outlets. The mold ensures that the thickness of the hydrogel layer above the microchannel is maintained at 500 µm.
Step 2. Hydrogel injection. The hydrogel premix (agarose 2% w/v) is injected into the mold with a syringe.
Step 3. Polymerization. The mold is placed at 4°C for 10 minutes.
Step 4. Unmolding and construct recovery. The constructs is recovered from the mold.
Step 5. Transfer into a well plate. A thin layer of agarose is thermally bonded (heat treatment, 3s at 71°C) onto the bottom of the construct to ensure proper sealing of the microchannels. Then, the constructs are placed in wells (24 well plate).
Step 6. Application for cell-based assays. The hydrogel microfluidic inserts are connected to a syringe pump and serve for cell-based assays. Complete gelation was carried out by placing the molds at 37°C for 5 hours. 4. Gelatin enzymatically cross-linked hydrogel microfluidic insert are recovered. 5. The inserts is transferred into a well plate. 6. The system can be applied for cell-based assays. b, Fabrication of hydrogel microfluidic insert for spheroid cell culture. 1. The PDMS mold, bearing a pyramidal micropillar array, is assembled. 2. An agarose solution (2% w/v) is injected. 3. Gelation was ensured by placing the mold at 4°C for 5 minutes. 4. Agarose hydrogel microfluidic insert bearing microwell arrays are recovered. 5. Thermal bonding (heat treatment, 3s at 71°C) of a thin agarose layer on the bottom of the insert is used to seal the channels and the insert is transferred into a well plate. 6. The system can be applied for cell-based assays.
Formation of uniformly sized cell aggregates
The protocol for EB formation was adapted from Ungrin et al. 3 . The process is described in Fig. S2 below.
The fabrication protocol is as follows:
Step 1. Cell suspension containing 2x10 6 , 8x10 6 , 2x10 7 and 8x10 7 cells per mL were gently dispensed (50 µL) onto the central cell culture area of the chips to yield 100, 400, 1000 or 4000 cells per well, respectively.
Step 2. The plates were centrifuged at 1000 rpm for three minutes.
Step 3. The hydrogel microfluidic chip was immersed in medium and placed overnight in a humidified incubator at 37°C before further imaging or experiments.
Figure S2: Uniform cell aggregate formation and culture within topographically structured hydrogel microfluidic insert. a, To form uniform EBs, a cell suspension is dispensed in the cell culture area of the hydrogel microfluidic inserts (50 µL). The cell density is set to yield desired cell number per aggregates. Thereafter, the plate containing the inserts is centrifuged for three minutes at 1000 rpm, and then placed into a humidified incubator at 37°C overnight. Uniform sized cell aggregate are generated using this method. b, Micrographs of EBs culture for 2, 5 and 6 days onto our hydrogel inserts. EBs can be culture over extended periods without dramatically impairing their morphology and survival. c, Micrographs of EBs culture for seven days onto our hydrogel inserts, passaged onto culture dishes coated with gelatin (0.2%) and further cultured for an additional four days. Clear morphological changes are observed suggesting differentiation. (Scale bar = 200 µm).
Modeling of biomolecule delivery
Modeling of biomolecule diffusion within our hydrogel microfluidic insert platform was modeled with the COMSOL Multiphysics® software. For simplicity, we have implemented a 2D model of the cross-section of the system. The dilute species module is used. The model geometry is set to fit the dimensions (width: 5 mm, hydrogel layer thickness: 500 µm) of the cell culture area of the hydrogel microfluidic inserts. The two microchannels (width and height: 250 µm) are centered and placed 800 µm apart. No flux boundary condition is set at the bottom, while open boundaries on the side and top. The mesh is set automatically on extremely fine resolution. The diffusion coefficient of the model protein (BSA) is set to be 9.4e -11 m 2 s -1 in aqueous solution and 4.8e -11 m 2 s -1 in the hydrogel. These numbers are obtained from D. Karlsson et al. 4 . Thereafter the model is computed with a time-dependent solver (one hour). Graphical representation of the resulting modeled diffusion of biomolecules are extracted (Fig. S3) . Figure S3 : Modeling of biomolecule diffusion within our hydrogel microfluidic inserts. a, Graphical representation of modeled biomolecule gradient generation by depletion. In this model, the model is set such that the microchannel are initially filled with biomolecules (10 -6 M). The model displays the generation of a gradient whose intensity decreases over time; thus, suggesting a rapid isotropic diffusion of the biomolecule from the microchannel. b, Graphical representation of modeled biomolecule gradient generated by continuous perfusion. The model was set to maintain the biomolecule concentration in the microchannel constant over time to mimic continuous perfusion of the system. The model displays the generation of a gradient whose intensity increases over time. c, Graphical representation of the concentration along the z-axis. The model is used to assess the variation of biomolecule concentration in the z-axis at a given time point (i.e. 60 minutes). The data display a gradient in this direction due to isotropic diffusion. d, Graphical representation of the concentration along the z-axis on the cellular scale level. The data display a minimal variation with regards to length scale relevant to cells or EBs. Figure S4 : Characterization of spatiotemporal biomolecule delivery. Characterization of DsRED-BSA gradient generated by continuous perfusion (0.1 mg mL -1 at 0.01 mL min -1 ) with a syringe pump. Fluorescent micrographs of DsRED-BSA gradient generation by continuous perfusion. Graphical representation of the respective gradient profile over time. From the micrographs and respective gradient profiles, it is evident that continuous perfusion yields gradients with increasing intensities over time. Embryoid bodies were formed by conventional culture methods or in our system (day 0). These EBs were then cultured in N2B27 medium for four days with or without exposure to retinoic acid (on day 1 and 2 of culture). Similar differentiation (marked by GFP+) induced by retinoic acid was observed independently of the EB formation method. No GFP was observed in absence of retinoic acid in both cases. 1e-10 1e-9 1e-8 1e-7 1e-6
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